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[57] ABSTRACT 

An improved spacer material for improving the bi- 
ocompatibility of a biomaterial and a method for mak* 
ing it in u^ich a pol^l kvlimine is co valentiv atuched 
joan^aminated substrate and combined with a crosslink- 
ing_agent which is_at jeast difunctional in.aldehvde 
groups. The polyafltylizine can be, for example, poly- 
ethyleneimine and the crosslinking agent can be, for 
example, glutaraldcbyde. Preferably, the crosslinking 
agent is applied in dilute solution and at a pH suitable to 
accomplish light crosslinking of the polyalkylimine and 
also provide aldehyde linkages at the interface. between 
the biomolecule and the spacer. 

19 Claims, No Drawings 
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covaleni attachment of such biomolecules can be Tound 
BlOCONffAnBILITY OF SOUD SURFACES u, Ho et a]., "Materials for Enhancing Cell Adhesion by 

Immobilization of Cell- Adhesive Peptide". Journal of 
BACKGROUND OF THE INVENTION Biomedical Materials Research. 25:1325-1337 (1991) in 

This invention relates to the enhancement of the bi- ^ which fibronectin or ROD peptide are bonded by the 
ocompatability of various surfaces by binding bU use of a water soluble carbodiiratde. However, these 
omolecules to the surface. methods immobilize the biomolecule closely to the bio- 

Medical devices which serve as substitute WflOd-ves- material surface thus reducing the availabiUty of the 
sels. synthetic and intlffl>cnjar loises, electrodes, cathe. biomolecule for interaction with, for example, cells 
^ and the like in and on the baiy or as «rtracorporeal -^^^^^ biomolecule. 
devices mt«uied to be connected to the body to assist in. ^^^^^ ^^^^ been used to address this 

surgery or dialysis are well known. However, the use of rr^ . • , ■ • i j 

sud biomateriah in medical devices can stimulate ad- P™?'«?* ^ spacer molecule is a molecule^or compound 
verse body f«ppnses. including rapid ihrombogenic w*""^ » «Pa*»»e of attachment to a solid surface, is 
action. Various plasma proteins play a role in initiating 15 'are* eno^g** ^o extend from the surface of said surface 
platelet and fibrin deposition on plastic surfaces. These « "I"*!* immobilizing a biomolecule and/or 

actions lead to vascular constriction to hinder blood biomolecules. The spacer insures that the active site of 
flow, and the inflammatory reaction that foUows can the biomolecule is held outward away from the support 
lead to the loss of function of the medical device. so as to contact the body fluid efficiently. The spacers 

A "biomaterial" may be defined as a material that is ^ are derived from organic molecules having at least two 
substantially insoluble in body fluids and that is de- reactive functional groups generally situated at oppos- 
signed and constructed to be placed in or onto the body ing ends of the molecule. Such groups serve as attach- 
or to contact fluid of the body. Ideally, a biomatcria] ^^^^ vehicles capable of coupling the spacer to the 
will not induce undesirable reactions in the body such as ^^^^ ^^^f^^ jt,e biomolecule. For example, in 

blood clotting, tissue death, tumor formation allergic 25 ^.S. Pat. No. 5,132,108 to Narayanan et al., a copoly- 
reaction, foreign body reaction (rejection) or mflamma. radiofrequency plaLa 

tory reacuon: wi!) have the physical properties such as ^ ^. • . _.- , . ■ 

strength, elasticity, permeability and flexibility required subjectmg it to a radiofrequency elcctnc 

to function for the intended purpose; can be purified, ^'^^^ P^'^"" ? ^a*^'' ^^PO' P^"*^ 
fabricated and sterilized easily; will substantially main- 30 An aqueous solution of polyethyleneimine (PEI) and 
tain its physical properties and function during the time l-<3-dimethylpropyl)-3-carbodiimide (EDC) coupling 
that it remains implanted in or in contact with the body. agent was applied to the radiofrequency plasma dis- 
As used herein, the solid surface of a biomaterial is charge modified polyurethane surface. An aqueous 
characterized as "biocompatible*' if it is capable of func- solution of heparin and EDC was then applied to the 
tioning or existing in contact with biological fluid and- IS P£I*treatcd surface in order to provide a polymeric 
/or tissue of a living organism with a net beneflcial surface having an anti-thrombogcnic agent secured to 
effect on the living organism. Long term biocompatibil- its surface. However, the addition of such spacer mole- 
ity is desired for the purpose of reducing disturbance of ,o implamed medical device surfaces also adds 

I the host organism. One approach to improved biocom- instability to the surfaces and increases the prospect for 
patifahtiU^iUa^^ attach various -b i- 40 ^^^^ ^^^^^^^ biomolecule in the spacer layer 

omol^jiks^uji^^ the attgh ment and ^ ^ . 

^owtlTofa normal cell la yej^lucTTthat the body acc epts T ., j ■ i .!» 
I thexell-att^di^a -aev icr^ a normal pan of thTb^dV . harjdJcd or implanted. 

Vl^Bbi^leculeslScirS growih factors and cell attach- Additional stabdity can be provided, for example, 
ment proteins which have been attached to the device 45 accordmg to U.S. Pat. No. 4.565.740 to Golander et al. 
surface could be used for this purpose. In addition. or ^.S. Pat, No. 5.049.403 to Lars et al. In the first of 
biomolecules such as antithrombogenics, antiplatelets. these patents, a complex of a polymeric cationic surfac- 
anti-innammatories and the like have also been used to tant (e.g. a polyalkylamine) and a dialdehyde (e.g. glu- 
improve the biocompatibility of surfaces. taraldehyde) is adsorbed onto a substrate material. In 

A number of approaches have been suggested to 50 the second of these patents, a polyamine is adsorbed 
attach such biomolecules. One such approach is set onto the surface of a substrate and crosslinked with 
forth in Dekker et al., "Adhesion of endothelial cells crotonaldehyde. However, these crosslinked coatings 
and adsorption of serum proteins on gas plasma-treated re]y on adsorption onto the surface and ionic bonding to 
polytctrafluoroethylene", Biomaterials. vol. 12 March the surface, which may not provide good bonding of 
1991. In that approach. PTFE substrates were modified 55 j^e coating to the surface. Multiple coatings, including 
by radiofrequency plasma to improve the wettabUity of intermediate layers of anionic material, may be needed 
the surface. Human serum albumm, human fibronectin, ^ effective coating, 

human immunoglobuUn and htiman high-density lipo- „ . ^ ^ ^ ^^^^^ ^^^^ ^ 

protein were adsorbed to the plasma-treated substrates „ , , . „_.„-r , . . , , *^ . . 

followed by seeding with hunL endothelial cells. An- 60 "^""^ I°5 T???? f f*'°r^^"»« « 
other approach is described in U.S. Pat. No. 5.055,316 improved stabdity dunng handUng and mi- 

to Hoffman et al in which a scrum protein such as albu- Plantation of an implantable medical device, 
min. an immunoglobuUn, a fibrinogen, a fibronectin, a It is also an object of the mvention to provide a spacer 
Protein-A or a glycoprotein is bound to a surf-ace by presents a stable platform for the attachment of 

first using plasma gas discharge in the presence of a 65 the biomolecule and thereby prevents the attached bio- 
plasma-polymerizable fluorinated hydrocarbon gas to molecule from bemg buried in the spacer layer, 
provide a plasma-deposited surface, followed by expo- It is also an object of the invention to provide a spacer 
sure to a solution of the protein. Also, for example. which is strongly atuched to the material surface. 
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SUMMARY OF THE INVENTION Th^^ellu!audbc»ve^^^ is preferably completed 
SUMMARY OF THE INVENTION contacting thTtreated polyalkyliminc with a solution 
We have discovered an improved spacer malcrial and of the cellular adhesive and then applying a mild reduc- 
a method for making it comprising, in combination, an ing agent like cyanoborohydride to the cellular adhe- 
aminated substrate, a polyalkyliminc covalently at- S dve. Reducing agent and cellular adhesive can also be 
tached to the aminated substrate and a crosslinking added simultaneously to the treated polyalkyliminc. 
agent which is at least difunctional in aldehyde groups. The effect of this mild reducing treatment is to stabilize 
The polyalkylimlne can be, for example, polyethylene- the labile bonds between the aldehyde groups of the 
■mine and the crosslinking agent can be, for example, cross-linking agent and the amine groups of the cellular 
glutaraldehyde. This spacer can be made by applying a 10 adhesive and the polyalkyi spacer 
poIyaUcylimine to the solid surface and then treating the detailed DFsrHiPnnK of the 
applied polyalkyliminc with a crossHnking agent which iSvrJ^rJvi 
is at least difunctional in aldehyde groups. Preferably, INVENTION 
the crosslinking agent used to crosslink the polyalkyli- In the present invention, a polyalkyliminc and a 
mine is applied in dilute solution and at a suitable PH to 15 crosslinking agent which is at least difunctional in aide- 
accomplish light crosslinking of the polyalkylimine and hyde groups are covalently attached to an aminated 
also with sufTictent aldehyde linkages at the interface surface and are employed to provide a spacer on a solid 
between the bioroolecule and the polyalkyliminc to surface for the purpose of improving its biocompatibil- 
provide light crosslinking with the attached biomole- ity. 

cule. 20 The solid surface that is rendered biocompatible is 
The polyalkylimlne is covalently bonded to the solid desirably of a synthetic or natural material that is insolu- 
surface, for example, by activating the solid surface by ble in physiological fluids. The surface may be one or 
contacting amine groups on the solid surface with an more surfaces of devices intended to function in contact 
activating agent which contains at least two aldehyde with tissue and/or fluids of living organisms. The sub- 
groups and then contacting the activated surface with 25 strate for this solid surface of the device may be any 
the polyalkyliminc. If desired, the activating agent used suitable metal such As polished titanium or stainless 
to covalently bond the polyalkyliminc can be the same steel or a polymer such as polv urethane. polyviny lpyr- 
as the crosslinking agent used to crosslink the polyalk- roltdone. silicone elastomers, polyolefins such as poly- 
ylimine. In the event that there is an inadequate density ethylene or polypropylene, polytetrafluoroethylene, 
of amine groups on the solid surface to be activated by 30 polyvinyl chloride, polyesters, fluoropolymers, poly- 
the aldehyde activating agent, such amine groups can acrylates (including polymethacrylates); minerals or 
be provided by grafting amine-containing chemical ceramics such as hydroxyB^)atite; human or animal tis-j 
moieties to the surface by methods well known to those sue such as bone, skin and teeth; o rganic materials such/ 
skilled in the art. 'as wood, cellulose and comprised carbon; and othen 
In another aspect ofthc invention, a method for cova- 35 natural and synthetic materials such as glass, rubber! 
lent coupling of a polyalkyliminc to a solid surface is wood and the like. Examples of devices which may hi 
used in which a second spacer molecule having at least provided with biocompatible surfaces in accordance 
one primary or secondary amine group extending away with this invention include vagc ular graft tubing , dialy- 
from the surface is attached to the solid surface fol- sis tubing or membrane, blood oxy genato r tubing or 
lowed by activation of the second spacer by contacting 40 membrane, ultrafiltration membrane, intra aortic bal- 
the amine group on the second spacer molecule with an loon, blood bag. catheter, suture, soft or hard tissue 
activating agent which is at least difunctional in aide- prosthesis, synthetic prosthesis, artificial organs, and 
hyde groups and then contacting the activated spacer lenses for the eye such as contact and intraocular lenses, 
with the polyalkyliminc. This second spacer molecule The polyalkyliminc can be, for example, polyethyl- 
can be, for example, a diamine or an amino-alcohol. The 45 eneimine or other branched polyamines. By polyalkyli- 
spacer molecule could be attached to the solid surface mine we therefore mean to include the water soluble, 
by any method known to those skilled in the art. In a hydrophilic. polyamines evolving from aziridine and 
preferred method of attachment, an aminated surface is azetidine monomers such as 1-uttsubstituted imines, 
first activated by contact with an aldehyde activating l-substituted basic imines, activated imines (1-acyl sub- 
agent such as glutaraldehyde followed by contacting 50 stituted imines), isomeric oxazolines/ozazines and the 
the activated surface with the diamine spacer to bind tike. The polyalkylimines employed in the present in- 
the diamine to the stuface and provide an amine group vention are preferably highly branched, thereby pos- 
extending away from the surface. sessng primary, secondary, and tertiary amine groups. 

In a preferred embodiment, the spacer molecule of Thus, ethyleneimine polymerized, by classical cationic 

the present invention is used to attach a cellular adhe- 55 chain-growth polymerization, cither alone or with 

si ve molecule to a solid surface. A polyalkyliminc is first other monomers suitable for copolymcrization with 

applied to the solid surface and then treated with a ethyleneimine, could be used in the present invention, 

crosslinking agent which is at least difunctional in aide- The crosslinking agent employed in the present in- 

hyde groups. The cellular adhesive molecule is then vention can be any crosslinking agent which is at least 

coupled to the treated polyalkyliminc. For example, the 60 difunctional in aldehyde groups. For example, glularal- 

cellular adhesive molecule can be fibronectin or RGD dehyde, glyoxal, malonaldehyde. succinaldehyde. adi- 

pepiide which are Well known to improve cellular paldehyde. and dialdehydc starch could be used.. The 

adhesion. The effect of the crosslinked polyalkyliminc spacer of the present invention can therefore be made 

spacer is to prevent the ccllular_adhesive molecule from by applying a polyalkyliminc lo the sohd surface and 

^becomingJu ui rfl -i n i h c _gcaftj|idJosing_bioactW 65 then treating the applied polyalkyliminc with the cross- 

Funhermore, the two layers (polyalkylimme and cellu- linking agent. Preferably, the crosslinking agent used to 

lar adhesive molecule layers) have a difference in hy- crosslink the polyalkyliminc is applied in dilute solution 
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and to provide aldehyde functionality for the polyalk- 
yliroine surface that will allow biomolecules to readily 
bond to the spacer. For example, an aldehyde solution 
that has a concentration in the range of about O.O0OSM 
to about 0.05M could be used while a concentration in 
the range of about 0.0005M to about O.OOSM would be 
preferred. Also, for example, a pH for the aldehyde 
solution in the range of about 7 to about 10 would be 
preferred. The time required to complete the light 
crosslinJung reaction is typically just a few minutes. 

The polyalkylimine is covalently bonded to the solid 
surface, for example, by activating the solid surface by 
contacting amine groups on the solid surface with an 
activating agent which is at least difunctional in aide 



preferred method of attachment, an aminatcd surface is 
first activated by contact with, an aldehyde activating 
agent followed by contacting the activated surface with 
the diamine spacer to bind the diamine to the surface 
5 and provide an amine group extending away from the 
surface. The aldehyde activating agent and procedure 
are essentially the same as described above. 

The polyalkylimine spacer of the present invention is 
used to attach a cellular adhesive molecule or other 
to biomolecule to a solid surface.-The biomolecule can be 
essentially any biomolecule which is attached to the 
solid surfaces of biomaterials to improve biocompatibil- 
ity of the biomaterial. The biomolecule may be a 
f yowth factor such as endothelial cell growth facto r, 
hyde groups and then contacting the activated surface is epithelia l cell growth f act or, osteoblast growth facto r, 
with the polyalkylinine. If desired, the activating agent fihtcbla st growth factor, platelet derived growth factor , 
used to covfdently bond the polyalkylimine can be the neural growth factor, or angiogenic growth factor ; an I 
same as the crosslinking agent used to crosslink the antimicrobial agent such as lysozyroe or penicillin; an 
polyalkylimine after it has been applied to the solid antithrombogenic agent such as heparin, fractionated 
surface. In that case, the procedure for making the co- 20 heparins (e.g., on an AT-III column), heparin, hq>arin 
valent bonds is essentially the same as is required for the sulfate, chondroitin sulfate, modified dexlran, albumin, 
crosslinking reaction described above except that the streptokinase, tissue plasminogen activator (TPA) or 
aldehyde concentration and/or reaction time used may urokinase; celt attachment proteins such as fibronectin 
be greater in order to ensure the presence of adequate or lammin; a thrombogenic agent such as collagen or a 
aldehyde functionality on the activated surface. In the 25 hydrophilic polymer such as hyaluronic acid, chhosan 
event that there is an inadequate density of amine or methyl cellulose, and other proteins, carbohydrates 
groups on the solid surface to be attached to the aide- and fatty acids. In a preferred embodiment, the biomol' 
hyde activating agent, such amine groups can be pro- ecule is a cellular adhesive molecule, 
vided, for example, by grafting acrylamidc to the sur* A polyalkylimine is first applied to the solid surface 
face followed by. chemical modification to introduce 30 and then treated with a crosslinking agent which is at 



amine groups by methods well known to those skilled in 
the art. Polyvinyl amines or polyalkylimines can also be 
covalently attached to polyurethane according to the 
method taught by U.S. Pat. No. 4,521,564 to Solomon et 



least difunctional in aldehyde groups. The cellular ad' 
hesive molecule is then coupled to the crosslinked po- 
lyalkylimine. For example, the cellular adhesive mole- 
cule can be fibronectin or RGD peptide which arc well 



al. the disclosure of which is incorporated herein by 33 known to improve cellular adhesion. The effect of the 



reference. Or, for example, an aminosilane can be at- 
tached to the surface as set forth in U.S. Pat. No. 
5,053,048 to Pinchuk the disclosure of which is also 
incorporated herein by reference. Or. for example, a 



crosslinked polyalkylimine is to prevent the cellul ar 
adhesive molecule from beconrtin g burie d in the gra ft 
and losing bioacli^tv . Furthermore, the two layers 
(polyalkylimine and cellular adhesive molecule layers) 



\ 



grafted acrylamide-containing polymer can be attached 40 have a difference in hydrophilicity that prevents the 



by radiation grafting as set forth in U.S. Pat. No. 
3,826,678 to Hoffman et al. the disclosure of which is 
also incorporated herein by reference. 
In another embodiment of the invention, a method for 



layers from intermixing. The cellular adhesive coupling 
is preferably accomplished by contacting the treated 
polyalkylimine with a solution of the cellular adhesive 
and then applying a mild reducing agent like cyanobor- 



covalent coupling of a polyalkylimine to a solid surface 45 ohydride to the cellular adhesive. The effect of this mild 



is used in which a second spacer molecule having at 
least one amine group extending away from the surface 
is attached to the solid surface followed by activation of 
the spacer by contacting the amine group on the spacer 



reducing treatment is to stabilize the labile bonds be- 
tween the cellular adhesive molecule and the aldehyde 
groups of the aldehyde-treated polyalkylimine spacer. 
Endothelial cells can then be seeded to the cellular 



molecule with a crosslinking agent which is at least SO adhesive-coated surface by methods known to those 



difunctional in aldehyde groups and then contacting the 
activated spacer with the polyalkylimine. The spacer 
should be a substance containing at least two groups 
capable of reaction, one of which is an amine group. 
When the two groups are used, a linear chain is formed. 55 
When substances containing more than two groups 
capable of reaction are involved, the chain will branch 
out. Substances which are especially suitable for this 
purpose are aromatic or aliphatic saturated or unsatu- 
rated diamines, amino-alcohols, or amino-thiols. Obvi- 
ously the substance chosen for the second spacer should 
not contain hydrophobic groups. Saturated aliphatics 
having a short chain length and containing two groups 
which are capable of reacting are preferred. For exam- 
ple, the diamines ethylenediamine, tetramethylenedi- 
amine. or l,5-diamine-3-azapcntane could be used. The 
spacer molecule could be attached to the solid surface 
by any method known to those skilled in the art. In a 



skilled in the art. 

The following examples provide q>eciric embodi- 
ments of the invention. 

EXAMPLE r 

Polyurethane samples were provided with a grafted 
acrylamide surface. The samples were corona treated 
using a Sherman Treaters corona machine type HT3. 
The treated sheets were placed in a 40 weight % solu- 
60 lion of acrylamide. with stirring, to which 1.75 ml. of a 
eerie ion solution (made by mixing 13.7 grams of eerie 
ammonium nitrate (CAN) and 15.75 grams of fuming 
nitric acid with water to an aqueous solution volume of 
250 ml.) was added per 100 grams of acrylamide solu- 
65 tion. The test samples were then allowed to react with 
the monomer solution for one hour at room tempera- 
ture. The test samples were removed from the monomer 
solution and thoroughly rinsed with deionized water. 
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The lest samples were then incubated in water over- 
night at 60' C. to remove loosely bound polymer chains. 
The samples were then immersed in a 0.2 M carbonate 
bufTcr pHs=10.5 at 60* C. for 3 hours to introduce car- 
boxylic acid groups in the grafted gel. 

EXAMPLE 2 

Partially hydrolyred acrylamide-graficd polyure- 
thanc samples made as set forth in Example I were 



45 minutes at room temperature. The samples were 
thoroughly rinsed with deionized water. 

EXAMPLE 7 

Test samples which have been coupled with a cellular 
adhesive molecule according to Example 6 were stabi- 
lized by mild reduction. The test samples coated with 
libronectm were placed in a 0.2M acetate buffered solu- 
tion of a mild reducing agent {O.IM sodium cyanoboro- 



providcd with a covalently attached finn spacer mole- "> hydride; pH 4.62). The test samples were shaken in the 



25 



cule by carbodiimide attachment. The samples were 
placed in a buffer solution (0.5M 4-morpholmeethane- 
sulfonic acid pH=5.0) which included the spacer (eth* 
ylenediamine; O.SM concentration). A water soluble 
c&rbodtimide (1 •<3-dimethylaminopropyl>3-ethylcar- 
bodiimide hydrochJoride was added untfl a concentra- 
tion of aOSM was achieved. Test samples were shaken 
and reacted at room temperature in the solution for 30 
minutes. The solution was then decanted and the sam- 
ples were thoroughly rinsed with deionized water. 
0.2M acetate buffer pH=4.6, IM NaCl and deionized 
waier again. 

EXAMPLE 3 

Test samples made according to Example 2 were 
treated to activate the covalently attached cthylenedi- 
amine spacers. The test samples were placed in a 0. 1 M 
borate buffered solution of a difunctional aldehyde (glu- 
taraldehyde; 0.5 weight % concentration; pH 9.0). The 
test samples were shaken in the solution and the reac- 
tion was allowed to proceed for one hour at room tern* 
p^ture. The solution was theft decanted and the sam- 
ples were thoroughly rinsed with deionized water. 

EXAMPLE 4 

Test samples activated according to Example 3 re- 
ceived a coating of a polyalkylimine. The test samples 
were placed in a O.IM borate buffered solution of a 
polyalkylimine (po)yethyleneiminc; 1 weight % con- 4q 
cent ration; pH 9.0). The test samples were shaken in the 
solution for 15 minutes at room temperature. The solu- 
tion was then decanted and the samples were thor- 
oughly rinsed with deionized water. 

EXAMPLE 5 

Test samples with attached polyalkylimine made 
according to Example 4 were subjected to a mild cross- 
Unking/activation treatment with a difunctional aide- 



solution for one hour at room temperature. The test 
samples were then copiously rinsed in deionized water 
and stored in a 0.2M phosphate buffer -solution of 
pH=6.8 containing 0.075 weight % NaN3 at room 
IS temperature. 

h will be appreciated by those skilled in the art that 
while the invention has been described above in connec- 
tion with particular embodiments and examples, the 
invention is not necessarily so limited and that numer- 
20 ous other embodiments, examples, uses, modifications 
and depanures from the embodiments, examples and 
uses may be made without departing from the inventive 
concepts. 
We claim: 

1. A method for making a spacer for attaching a bio- 
molecule to a solid surface comprising the steps of: 

(a) aminating the solid surface by grafting acrylamide 
onto the solid surface; 

(b) covalently bonding a polyalkylimine to the ami- 
nated surface; and 

(c) applying a crosslinking agent which is at least 
difunctional in aldehyde groups to the covalently 
bonded polyalkylimine. 

2. The method according to claim 1 wherein the 
3S polyalkylimine is polyethyleneimine. 

3. The method according to claim 1 wherein the 
crosslinking agent is selected from the group consisting 
of glutaraldehyde. glyoxal, malonaldehyde. succinalde- 
hyde, adipaldehyde, and dialdehyde starch. 

4. The method according to claim 1 wherein the 
covatent bonding step (b) is accomplished by the steps 
of: 

(a) activating the aminated solid surface by contact- 
ing amine groups on the solid surface with a cross- 

45 linking agent which is at least difunctional in alde- 
hyde groups; and 

(b) contacting the activated surface with the polyalk- 
ylimine. 

5. The method according to claim 1 wherein the step 



hyde. The test samples were placed in a O.IM borate 50 of applying the crosslinking agent is carried out in an 



buffered solution of a difunctional aldehyde (glutaralde- 
hyde; 0.05 weight % concentration; pH 9.0). The test 
samples were shaken in the solution and the reaction 
was allowed to proceed for fifteen minutes at room 
temperature. The solution was then decanted and the ss 
samples were thoroughly rinsed with deionized water. 

EXAMPLE 6 

Test samples which have a crosslinked/activated 
polyalkylimine spacer made according to Example 5 60 
were coupled with a cellular adhesive molecule. 0.01 g 
of lyophilisatc (4.556 weight % fibronectin) was dis- 
solved in 1 ml of deionized water. To the lyophilisatc 
solution. 7 ml of phosphate buffered saline (PBS; 9.0019 
g NaCK 1.1833 g KHaPO*, 4.3195 g NaHjPO* in 1000 65 
ml of deionized water: pH 7.27) was added and allowed 
to mix. 1 ml of this solution was used to wet the surface 
of the test sample. The surface was then incubated for 



aqueous solution of the crosslinking agent. 

6. The method according to claim 5 wherein the 
crosslinking agent is present in a concentration range of 
about 0.(X)05M to about 0.005M. 

7. The method according to claim 5 wherein the 
solution has a pH of about 7 to about 10. 

8. The method according to claim 4 wherein the 
activating with the crosslinking agent is carried out in 
an aqueous solution of the crosslinking agent. 

9. The method according to claim 8 wherein the 
crosslinking agent is present in a concentration range of 
about 0.0005M to about 0.005M. 

10. The method according to claim 8 wherein the 
solution has a pH of about 7 to about 10. 

11. A method for covalent coupling of a polyalkyli- 
mine to a solid surface comprising the steps of: 

(a) aminating the solid surface by grafting acrylamide 
onto the solid surface: 
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(b) attaching to the aminated surface a spacer mole- 
cule having at least one primary amine group ex- 
tended away from the surface: 

(d) coniacling the activated spacer with a polyalkyli- 
mine. ^ 

12. The method according to claim II wherein the 
spacer molecule is selected from the group consisting of 
diamines and amino-alcohols. 

13. The method according to claim 11 wherein the 
acr>'l^ide is grafted onto the solid surface by radiation 
grafting. 

14. The method according to claim 11 wherem the 
step of attaching the spacer molecule is accomplished 
by the steps of: 15 

(a) introducing cartoxylic acid groups into the 
grafted surface by partial hydrolysis; 

(b) attaching the spacer molecule to the partially 
hydrolyzed surface by carbodiinude attachment. 

15. A method for attaching a cellular adhesive mole- 20 
cule to a solid surface comprising the steps of: 

(a) aminating the solid surface by grafting acrylamide 
onto the solid surface; 



10 

(b) covalently bonding to the aminated solid surface a 
polyallcylimine; 

(c) applying a crosslinking agent to the covalently 
bonded polyalkyliroine, said crosslinking agent 
being at least difunctional in aldehyde groups; 

(d) coupling a cellular adhesive molecule to the 
treated polyalkylimine. 

16. The method according to claim IS wherein the 
polyalkylimine is polyethyleneimine. 

17. llie method according to claim 15 wherein the 
crosslinking agent is selected from the group consisting 
of gjutaraldehyde, glyoxal, malonaldehyde, sucdnalde- 
hyde, adipaldehyde, and dialdebyde starch. 

18. The method according to daim 15 wherein the 
cellular adhesive coupling b accomplished by the steps 
of: 

(a) contacting the treated polyalkylimine with a solu- 
tion of the cellular adhesive; and 

(b) applying a reducing agent to the contacting cellu- 
lar adhesive. 

19. The method according to claim 18 wherein the 

reducing agent is a cyanoborohydride. 

• • • • » 
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